The primary relay nuclei of the afferent sensory pathway have been demonstrated by Fujita et al. (1, 2) as one of the sites of action of morphine in the central nervous system. They have shown that the evoked potentials in the spinal cord of the cat caused by afferent stimulation of the splanchnic, phrenic and inferior cardiac nerves are depressed by in travenous injection of morphine. However, Takagi et al. (3) have postulated that the inhibitory effect of morphine on the spinal cord derives from an activation of inhibitory mechanism in the midbrain reticular formation rather than from a direct action. The experiments of Mizoguchi (4) in the dog have demonstrated that morphine suppresses the evoked potentials in the Nucl. tractus spinalis n. trigemini but does not affect those in the Nucl. sensorius superior n. trigemini caused by electrical stimulation of the tooth pulp. The neurons in the former nucleus are known to receive pain and temperature impulses, while those in the latter nucleus to receive tactile impulses (5). Therefore, the experimental results presented by Mizoguchi (4) are well compatible with an explanation of the site of analgesic action of morphine.
The recording microelectrode was a monopolar glass-insulted silver or gold wire with 0.7 to 1 Mfg, in electrical resistance, or tungsten wire with 2 to 5 M f2 in electrical resistance. The sites of recording were determined according to the topographic map of Snider and Niemer (9) : Nucl. sensorius superior n. trigemini (P: 5, L : 5, H : -4 to -5.5) and Nucl. tractus spinalis n. trigemini (P: 7, L: 4.5, H: -5 to -6.5).
The unit discharges were amplified with a polygraph (Nihon Kohden, RM-150) and were then photographed with a long-recording camera or recorded on an ink-writing oscillograph (Nihon Kohden, WI-180-TR) via a train pulse generator (Nihon Kohden, ST-1). The interspike histogram of the unit discharges was displayed with a computer (San'ei Sokki Mediac, MC-401). A pair of silver wires, 0.3 mm in diameter, tied round the trunk of the exposed left alveolar nerve was used as stimulating electrodes. The square waves, 0.1 msec in width and 3.0 to 8.0 volts of supramaximal intensity, were applied to the nerve at frequency of 0.5 c/sec successively for 20 seconds.
Morphine hydrochloride dissolved in physiological saline was injected into the femoral vein via a previously inserted vinyl tube. The trigeminal neurons were identified by observing the changes of unit discharges in firing rate caused by a gentle touch of the whiskers. In addition, the recording site was coagulated by transmitting a direct current after the termination of the experiment and was confirmed by the fixation of the tissue with celloidin followed by staining with Nissle reagent. The interspike histogram of the unit discharges was disposed on the computer with the analysis time as 0.5 second and the sweeping time of 400 data points. The propriety of the distribution pattern of the histogram was determined according to the Chi-square test. The changes of the unit discharges in firing rate caused by electrical stimulation of the inferior alveolar nerve were determined following the formula described below and were confirmed according to the Chi-square test (P<0.05).
If Fo+Fe<10, x2= (IF.-Fol -1)2If Fo+Fe>10, x2= (Fe-F,)' F e +F , Fe + Fo FO : total number of the spontaneous unit discharges for 5 seconds before stimulation ; F.: total number of the unit discharges for 5 seconds during or after stimulation.
RESULTS
1. Effects of morphine on the firing rate of spontaneous unit discharges in the Nucl. sensorius superior and Nucl. tractus spinalis n. trigemini As shown in Table 1 , 83 (36.4%) of 228 units recorded form the Nucl. sensorius superior n. trigemini before the morphine administration showed the firing rate below 5/sec, and other 17 units (7.5%) exhibited the firing rate in the range from 40 to 80/sec. The mean firing rate was 12.7 + 1.0/sec. The unit discharges were recorded at random from 81 units in the same nucleus during the time interval from 20 to 40 minutes after the intravenous administration of 6 mg/kg of morphine. The number of units showing the spontaneous firing rate below 5/sec was 45 (55.6%). No unit showed the firing rate above 40/sec. The mean firing rate decreased to 9.1 ± 1.1 /sec. The decrease of the unit discharges in the firing rate by morphine was also observed in the same single neuron of the nucleus. Fig. 1 shows the time-course of changes of the firing rate in the same unit of Nucl. sensorius superior n. trigemini in the cat received 1 and 6 mg/kg of morphine. Within 5 minutes after the morphine administration the spon taneous firing rate undulated markedly. Some of the unit ceased to fire, fired at the rate more than ten times or repeated the increased and decreased firings alternately. During the marked undulation of the firing rate the blood pressure fell to 40 to 60% of the previous level. However, 5 minutes after the morphine administration the respective neuron ex hibited a steady firing rate. As shown in Table 2 , 1 mg/kg of morphine produced a sig nificant decrease in firing rate in 5 (29.4%) of 17 units, and 6 mg/kg of morphine produced the same decrease in 7 (58.4%) of 12 units.
On the other hand, the spontaneous firing rate of the unit discharges in the Nucl. tractus spinalis n. trigemini was increased by the administration of morphine. As shown in Table 1 , the number of the units showing the spontaneous firing rate below 5/sec and above 40/sec in the Nucl. tractus spinalis n. trigemini before the morphine administration was 153 (43.6%) and 17 (4.9%) of 350 units analysed, respectively. The mean firing rate was 12.7±0.8/sec. The unit discharges in the same nucleus were recorded at random from 20 to 40 minutes after the intravenous administration of 6 mg/kg of morphine. Forty (28.2%) and 23 (16.2%) of 142 units exhibited the firing rate below 5/sec and above 40/sec, respectively. The mean. firing rate increased to 30.3 ±4.2/sec. The difference in the firing rate before and after the morphine administration proved to be statistically significant (P<0.05). Fig. 2 shows the changes of the firing rate recorded from the same single neurons of the Nucl. tractus spinalis n. trigemini in the animals received morphine. The numbers of the units, which responded to 6 mg/kg of morphine with an increase, a decrease or a no-change in the firing rate, were 5, 4 and 6, respectively ( Table 2) . The neurons, which responded to morphine with a decrease in the firing rate were less in this nucleus than in the Nucl. sensorius superior n. trigemini. 2. Effects of morphine on the interspike distribution of unit discharges in the trigeminal nuclei Table 3 summarizes the interspike distribution pattern of the spontaneous unit dis charges recorded at random from the Nucl. sensorius superior and Nucl. tractus spinalis n. trigemini before and after the administration of morphine. Fifty-eight (49.5%) of97 units in the Nucl. sensorius superior n. trigemini exhibited the pattern of an exponential distribution before the morphine administration, and 39 (40.2%) showed a gamma distri bution at 2=2. The remaining 10 units showed a rectangular distribution or were not compatible with the distribution patterns described above. The spontaneous unit dis charges were recorded at random form 21 units of the same nucleus from 20 to 40 minutes after the administration of 6 mg/kg of morphine. The percentage of units showing a gamma distribution at 2=2 increased to 52.4%, while that of units showing an exponen tial distribution decreased to 33.3%. The upper record in Fig. 3 shows the interspike distribution pattern of unit discharges in the Nucl. sensorius superior n. trigemini, which was an exponential pattern before mor phine but turned to a gamma distribution (2=2) at 10 minutes after the intravenous injec tion of 6 mg/kg of morphine. Two of three units responded to morphine with the changes of the distribution pattern of the interspike histogram from the exponential pattern to the gamma distribution at 2=2. The remaining one unit did not respond to morphine. Four of five units, of which the interspike distribution exhibited a gamma pattern at 2=2 before morphine, were not modified by the morphine administration. The remaining one unit responded to morphine with a conversion to an exponential distribution pattern.
As shown in Table 3 , 42 (71.3%) of 59 units recorded from the Nucl. tractus spinalis n. trigemini exhibited the pattern of a gamma distribution at 2=2, and only 11 (18.7%) units showed an exponential distribution. Spontaneous unit discharges were recorded from 20 units in the Nucl. tractus spinalis n. trigemini from 20 to 40 minutes after the administration of 6 mg/kg of morphine. Fourteen units (70.0%) were observed to show the exponential distribution, and 4 (20.0%) units exhibited the gamma distribution pat tern at 2 = 2.
The lower record in Fig. 3 shows the conversion of the interspike histogram from the gamma distribution at 2=2 to the exponential pattern in the same single unit of the Nucl. tractus spinalis n. trigemini 10 minutes after the administration of 6 mg/kg of morphine. Three of six units showing the gamma distribution pattern at A=2 were converted by 1 and 6 mg/kg of morphine to the exponential pattern. The distribution pattern of the remaining three units was not modified by morphine. The exponential distribution pat tern of three units did not responded to morphine.
3. Effects of morphine on the changes of firing rate of unit discharges caused by stimulation of the inferior alveolar nerve Electrical stimulation of the ipsilateral inferior alveolar nerve increased the firing rate of the unit discharges in 65 (32.5%) of 200 units recorded from the Nucl. sensorius superior n. trigemini and decreased in 10 (5.0%) units. The remaining 125 (62.5%) units did not respond to stimulation of the inferior alveolar nerve.
From 20 to 40 minutes after the administration of 6 mg/kg of morphine only 10 (15.4%) of 65 units recorded at random from that nucleus showed an increase in firing rate and most of the units (80.0%) did not respond to electrical stimulation of the inferior alveolar nerve (Table 4 ). The increased response of the firing rate in 10 same single units to the nerve stimulation was blocked by 1 mg/kg of morphine in 6 units (60%), as shown in Table 5 .
Morphine in dose of 6 mg/kg blocked the same effect of the nerve stimulation in 5 units (71.4%). Three of 5 units, of which firing rate of the unit discharges was increased by the nerve stimulation, responded to the tactile stimuli of the whiskers with an increase in the firing rate. Although the stimulating effect of the inferior alveolar nerve on the firing rate was depressed by morphine, the similar effect by the tactile stimuli was not affected by morphine. Electrical stimulation of the inferior alveolar nerve increased the firing rate of the unit discharges in 89 (35.8%) of 249 units recorded from the Nucl. tractus spinalis n. trigemini, and decreased it in 15 units (6.0%) ( Table 4 ). The neuron activity in the Nucl. tractus spinalis n. trigemini was affected almost similarly by the nerve stimulation with that in the Nucl. sensorius superior n. trigemini. From 20 to 40 minutes after the administration of 6 mg/kg of morphine 47 (26.7%) of 176 units recorded at random from thre Nucl. tractus spinalis n. trigemini showed an increase in the firing rate of the unit discharges by the nerve stimulation. The number of units which did not respond to the nerve stimulation after morphine was 112 (63.6%). The effect of 1 and 6 mg/kg of mor phine was also observed in 12 same single units of the Nucl. tractus spinalis, which responded to the nerve stimulation with an increase in firing rate. Seven (58.4%) and 8 (66.7%) units lost the responsive effect to the nerve stimulation, respectively (Table 5 ).
4. Effects of morphine on the relationship between interspike distribution and changes of unit discharges to stimulation of inferior alveolar nerve Table 6 shows the relationship between the interspike distribution of unit discharges in the trige:ninal nuclei and changes of firing rate of the unit discharges caused by afferent stimulation of the inferior alveolar nerve before and after the administration of morphine. In 43 units of the Nucl. sensorius superior n. trigemini, which discharged showing an ex ponential distribution in the interspike histogram, 15 units (32.5%) responded to the nerve stimulation with an increase in firing rate. In 35 units which fired exhibiting a gamma pattern at 2=2, 11 units (31.5%) showed an increase in firing rate by the nerve stimulation.
From 20 to 40 minutes after administration of 6 mg/kg of morphine, the number of neurons, showing an increase in firing rate by the nerve stimulation and a gamma distribu tion at A=2 in the interspike histogram, was decreased (21.5%). However, the number of neurons, of which firing rate was increased by the nerve stimulation and the interspike histogram exhibited an exponential distribution, was increased (57.1%).
On the other hand, in the Nucl. tractus spinalis n. trigemini the number of units, which discharged showing an exponential distribution and responded with an increase in firing rate to the nerve stimulation, was statistically more than that of units, which showed a gamma pattern at 2=2 and responded with an increase in firing rate to the same simula tion (P<0.05). However, from 20 to 40 minutes after the administration of 6 mg/kg of morphine the number of units which responded with an increase in firing rate to the nerve 5. Effects of morphine on the evoked unit discharges in the trigeminal nuclei caused by stimulation of the inferior alveolar nerve Some of the neurons in the Nucl. sensorius superior n. trigemini were found to fire only by electrical stimulation of the inferior alveolar nerve. As shown in upper record in Fig. 4 , latency to the first spike was 2 to 2.5 msec and amplitude of the spike ranged from 400 to 800 ,uV. The first spike was usually followed by a volley of the spike discharges. In these short-latency neurons, morphine in dose of 1 and 6 mg/kg hardly affected the latency and number of spikes evoked by the nerve stimulation . Fig. 5-A also demonstrated that the latency of the first to fourth spikes was not changed by morphine in the neuron, of which the latency to the first spike was below 4 msec. In the neuron of which the latency of the first spike was above 5 msec, however, was markedly prolonged the latency of the first spike and successive spikes by the administration of morphine (Fig. 5-B and C) . These effects of morphine were proportional to the time-length of the latency of the first spike caused by the nerve stimulation. The similar effects of morphine were also confirmed on the neuron in the Nucl. tractus spinalis n. trigemini. As shown in Fig. 6 -B, the latency of spikes was prolonged 10 minutes after the administration of morphine in the neuron, of which the latency of the first spike was above 5 msec. On the other hand, morphine did not affect the activity on the short-latency neuron (Fig. 6-A) .
DISCUSSION
The firing rate of the spontaneous discharges of the neurons in the Nucl. sensorius superior and Nucl. tractus spinalis n. trigemini of the encephale ieole cat was unstable during 1 and 5 minutes after the intravenous injection of 1 or 6 mg/kg of morphine. During this time-period after morphine the blood pressure fell considerably. Therefore, the marked alteration of the firing rate of the spontaneous unit discharges within 5 minutes after morphine could be directly related with the depressor effect of morphine. Chin and Domino (10) reported that the initial transient depression of the evoked potential in the reticular formation of the dog in response to the tooth pulp stimulation coincided well with the depressor response to morphine in time-course. Five to 10 minutes after morphine the blood pressure usually recovered to the previous level. The spontaneous unit discharges of the neurons recorded from the Nucl. tractus spinalis showed a marked increase in the firing rate 10 minutes after the morphine administration. On the other hand, those of the neurons recorded from the Nucl. sensorius superior tractus spinalis exhibited a considerable decrease. Such different effect of morphine according to both nuclei was confirmed by observing the time-cousre of the responses of the respective same signle units to morphine. About half of the neurons in the Nucl. sensorius superior exhibited an exponential distribution pattern in the interspike histogram. On the other hand, three-fourth of the neurons in the Nucl. tractus spinalis exhibited a gamma dis tribution at 2=2 in the interspike histogram, and the neurons showing an exponential distribution pattern were below 20% of all the units observed. It is well-known that the neurons with the exponential distribution pattern fire at random and that the activity of the neurons with the gamma distribution at 2=2 is explained from the feed-back trans mission process within the closed circuit (8, (11) (12) (13) (14) (15) . The relatively great number of the neurons in the Nucl. tractus spinalis in contrast to about 40% of the neurons in the Nucl. sensorius superior seems to be associated with such feed-back mechanism. The Nucl. tractus spinalis is reported to be involved in the corticofugal presynaptic inhibition (16) (17) (18) . Therefore, some of the neurons in this nucleus may participate in the negative feed-back system. This assumption is further supported by the evidence that the increase in firing rate caused by stimulation of the inferior alveolar nerve is significantly dominant in the neurons with an exponential distribution of the interspike histogram than in the neurons with a gamma distribution at 2=2. The increase in the number of neurons with an exponential distribution and the decrease in the number of neurons with a gamma distribution at 2=2 in the Nucl. tractus spinalis might suggest the releasing effect of morphine on the feed-back mechanism.
The increase by morphine in the number of the neurons showing the gamma distri bution at 2=2 in the Nucl. sensorius superior might indicate the intensifying effect on the feed-back mechanism. This assumption is further supported by the evidence that the neurons refractory in the firing rate to stimulation of the inferior alveolar nerve are more frequently found in those with the gamma distribution at 2=2 than in those with the exponential distribution.
About one-third of the neurons in the Nucl. tractus spinalis and Nucl. sensorius superior responded to stimulation of the inferior alveolar nerve with an increase in firing rate of the unit discharges. Five to 6% of the neurons responded to the same stimuli with a decrease in firing rate. The remaining 60% of the units was refractory to the nerve stimulation. The observation by Kruger and Michel (6) showed that almost none of the neurons in the Nucl. tractus spinalis responded specifically to noxious stimuli and many of the neurons responded also to tactile stimuli. Therefore, some of the neurons refractory to either nerve stimulation or tactile stimuli may receive inhibitory impulses from the upper brain level (16) .
The neurons in the Nucl. sensorius superior and Nucl. tractus spinalis, which did not responded to stimulation of the inferior alveolar nerve with an increase in firing rate, were increased in number by morphine. In addition, morphine did not affect the activity of the neurons, which were activated only by stimulation of the nerve and were 2 to 2.5 msec in latency of the first spike. However, the neurons, of which the first spike initiated by the nerve stimulation was more than 5 msec in latency, were prolonged by morphine in latency in proportion to dose and also to the length of the latency and reduced in spike frequency. These evidences indicate that 1) morphine does not affect the primary synapses in the trigeminal nuclei, 2) morphine prolongs the latency and reduces the spike frequency in both trigeminal neurons, which exchange synapses at the sites of relatively short distance. The results obtained in the present experiments agree well with the observations by Mizoguchi (4) that morphine depresses the evoked potentials with relatively long latency
